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TAXONOMIC NOTES ON THE ORDER EMBIOPTERA. XX. 
THE DISTRIBUTION AND COMPARATIVE MORPHOLOGY OF THE ORDER EMBIOPTERA. 


By Consett Davis, M.Sc., Lecturer in Biology, New England University College, 
Armidale. 


(Four Text-figures. ) 
[Read 27th November, 1940.] 


In the preceding nineteen parts of the present series, the available knowledge of the 
various genera of the Order Embioptera has been sunimarized, and certain new data 
added. In all, thirty-six genera have been allowed or described as new, while five 
(Antipaluria, Dityle, Huembia, Aposthonia and Monotylota) have been listed as untenable. 
Systematic order has not been followed in the treatment of genera, for several reasons. 
It has been desirable from the point of view of publication to treat the Order in à 
number of short papers rather than in one or a few large ones, so that the sequence 
followed is in part dependent on the avoidance of nomina nuda in cross-references. 
Moreover, the earlier parts were compiled at a time when it appeared that circumstances 
might preclude completion of the work, so that, where possible, the readily-available 
data were put on record regardless of sequence. It is the purpose of the present paper 
to arrange the genera in systematic order, with suggestions as to family classification, 
and to note certain points in the distribution of the Order, and evolutionary trends in the 
comparative morphology of its members. 

Much of the work in the preceding papers of this series was of necessity carried out 
under hurried conditions. The types, and certain other material, of the Museum of 
Comparative Zoology, the British Museum, the Paris Museum, and the Oxford University, 
Genoa, Geneva aud Congo Museums, were examined in a working time of three weeks, 
and the study of the unworked material from the first three of the above Museums, 
and the Colombo Museum, was carried out during several months, interspersed with 
academic duties and the compilation of the papers of this series for publication. These 
facts are offered both as an extenuation of the inadequacy which is apparent in certain 
parts of the series, and as a suggestion to future workers on the Order that a considerable 
amount of work still remains to be done even on the collections listed above, both in the 
study of points untouched by the writer and in checking the facts adduced. 


Generic Key. 


The following key, based on the characters of the mature males, serves to distinguish 
between the known genera. Structures referred to in the key are figured at some place 
in the earlier parts of the present series. The greatest difficulty lies in the separation 
of the genera Rhagadochir and Pararhagadochir, especially in the aberrant species 
P. argentina Navas (two hind metatarsal bladders), and in the supposedly East African 
species Rh. carpenteri Davis, which has terminalia generically inseparable from 
Pararhagadochir. This question has been discussed earlier (Part xv of this series). 
Another difficulty arises in that Calamoclostes End. may be based on a venational 
aberration. 2 

The interpolation of several genera in the key between Embia Latr. and the very 
closely related Parembia Davis (separated only on the hind metatarsal bladders and 
on the distribution) illustrates the extremely arbitrary nature of the key. Again, the 
key might be rendered unworkable by the discovery of wingless forms of the male in 
genera now known only from winged males, e.g. Mesembia. The key is drawn up merely 
on the available data, and may require considerable modification in the light of future 
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records. In several cases, for convenience, a dichotomy has been formed on a character 
of relatively little importance, such as would not be allowed as a generic character unless 
supported by additional characters. Such supplementary characters, though omitted in 
the key, are of course included under the generic diagnoses in the earlier parts of the 
series. 


1. Permian; cerci composed of numerous annular segments. (9 probably winged) ...... 2 
Tertiary-Hecent; cerci with two segments or less. (9 wingless) ............ eere a 

2. North American sere ee v eer END deese et EUIS Protembia Tillyard 
Russian :.7... 0 9 e oe SN IOTER EUN EUN ee mene rs Tillyardembia Zalessky 

3. lett cercus two-segmented, not echinulate m ea o hee eee e e a 4 
Left cercus echinulate (rarely smooth; if so, then the two segments fused to a composite 
sitructüre) rana E aa E AEREE a E Me Ee uet Reet ee ea ee ee 10 

4. Tenth abdominal tergite entire, or, if divided, processes of hemitergites small, not prominent ; 
ventral parts of terminalia almost symmetrical a 

SEO EO NI PER GUT CHOROS T Gee ene Clothoda Enderlein (syn. Antipaluria Enderlein) 

Tenth abdominal tergite wholly or partly cleft, processes of hemitergites large, prominent, 
often complex; ventral parts of terminalia markedly asymmetrical ................ 5 

5, R,,, (or macrotrichia representing vein) forked .......... jo0ooonóoo5oooonco6coanOocconoc 6 
ME SuimpleNor&winslessM E C Cr M "TI ——— 7 

6. Process of left hemitersite sinple cene paee en men TDI Diradius Friederichs 
Process of left hemitersite complex e m. sagsnanoouanook 6p odcadodcneudade Oligembia Davis 

Wo dy UO Ean dona gHooNOS Teratembia Krauss 
R,,, Simple, or wingless ..-..-- 2-1 cece cee eee hh cee ee ee eee ere teen eter ene cenee 8 

8. Right hemitergite with an inner ventral flap-like process .............. ecce tn 9 
Right hemitergite without any process on the inner side ............. Saussurembia Davis 

9. Hind metatarsus with two prominent ventral bladders ..............eceeeeeee e tn 
e eee eese mer ERE OE EDS Haploembia Verhoeff (syn. Dityle Friederichs) 

Hind metatarsus not as above ........... Oligotoma Westwood (syn. Aposthonia Krauss) 

10. Second segment of left cercus reduced, wholly or partly fused to first segment ....... 11 
Second segment of left cercus distinct, subcylindrical, at least three times as long as 
thick See evene me mes wie sass uei a Pu viecce ED CUOI UTC ETTTTIPITTT 16 

DII C Eforkedae c Cc LLL "LLLI 13 
IeEsiuplemou&winslcss Lc DII 13 

12. Second segment of left cercus represented by a small obtuse protuberance on outer side of 
end of first seementi cee AXE C DER cvi ES EST Ptilocerembia Friederichs 

Second segment of left cercus represented as a subacute incurved extension of first segment 
o CRI UTR E o NO oue coonocon ER OP DIO OUO cong Hmbonycha Navas 

13. Right hemitergite with an internal echinulate process directed forward .. Notoligotoma Davis 
Right hemitergite not asiabove RTT e E TT UTTTPDDMT 14 
14. Left cercus smooth; veins strong, with some oblique cross-veins; Miocene ..............- 
IAM IE ee sceav eat TN I E IEEE SUD C Oe ET TEES Burmitembia Cockerell 

Left cercus echinulate (rarely almost smooth); veins weaker, with cross-veins weak, or 
wingless A Recenta E LC LL C M LL LLLI 15 

15. Right hemitergite with a dorsal flap-like process directed inward; Australian ............ 
LS uM mr MEM 4 6: exscr cass c colt E DRCNDRERE OU CHCRERSRO o ras Metoligotoma Davis 
Rightahemitereitesnot as above American e ar c TTL Anisembia Krauss 

IG, Digs SPOS: 0 GUN GES cc rcc EMI M ES Mesembia Ross 
Rie lerked sac leastinihindwings sOmewall 2165S meget eet eit Me De Eo oo: 17 

17. Left hemitergite with a short rounded dorsal protuberance on the right, but with main 
processssimple S e e TE S E e eaa S EIER DENT AED EET Pseudembia Davis 
gietishemitergitetsandspnocesssnoueassalbovcM MM Wut mre tete cre’ enamels 18 
18. Process of left hemitergite simple, without an additional lateral or dorsal lobe ........ 19 
Process of left hemitergite with an additional lateral or dorsal lobe ................. 26 

19. First segment of left cercus with an internal echinulate hook directed forward, longer than 
thick xe ue na eee oS Cees wn aoe Uo a ci DL Leptembia Krauss 

Hirst segment of left cereus notwas above 7 70 9-9 1 renee nein ee 20 

20. Hind metatarsus, wüthwtwomventralsbladdepsme 0*7 7-7 7 TTD 21 
Hind metatarsus with one ventral bladder ae sse seme 00050500 7 ULTTDDLTTIID 

E CORO INI Ae Embia Latreille (syn. Huembia Verhoeff and Monotylota Enderlein) 

21. Right hemitergite without any process on inner side; wingless ...........cerccevcccccee® 
ee ee ee | oA oO OOOOH MOU EONS SO OOO 08820 Dictyoploca Krauss 

Right hemitergite with an inner process winged met ttt 7107 7 TTL 22 

22 ubitusswithothbeeZosEoresbranchesm REED T aa ae Beriandembia Davis 
Cubitus two-branched coc. 5 cae co E DIAS A E TETTE 23 

23. First segment of left cercus with inner margin carrying a row of large sharp forwardly- 
directediteeth practically uni Seria icin nen nn ne Dinembia Davis 


First segment ot left cercus not 3SBabOVecN 011971 7 171 1 1 neta a aan ere 24 
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24. First segment of left cereus with inner margin produced into two lobes armed with strong 


LOCUM Ment ci ce v ocn Gis a 6 Ee NO Son oes cba eee Rae Ee Os Metembia Davis 

First segment of left cercus with only one internal lobe, with rather small teeth ...... 25 

25. Inner process of right hemitergite flap-like, elliptical; medial hind metatarsal bladder large, 
onndedg.--—-— ee rtm con "onan o UMORE E Parembia Davis 

Inner process of right hemitergite not as above; medial hind metatarsal bladder small, 
COMUNE 9 no ond ong AEA T a eS eth. 6 OL ETEA Embolyntha. Davis 

26. R,,, simple in forewing, shortly forked in hindwing .............. Calamoclostes Enderlein 
R,,, forked in all wings, the fork at least as long as the stem ............. eese 27 
Wie vianciblesmhuge, overlying labrum ......:..aesnecesees ssc xs se Cenes saamea Enveja Navas 
Aiax. JESUS coocssdsc lb t cc lo o 00050909 ND OTT E E ONDES 28 

28. Teeth on first segment of left cereus less than ten, very large ............ cese 29 

Teeth on first segment of left cercus small, more than ten in number ................ 3 

29. Hind metatarsus with one ventral bladder; M tending to fork ..... Donaconethis Enderlein 
Hind metatarsus with two ventral bladders; M simple ................ Odontembia Davis 

30. First segment of left cercus with more than one internal echinulate lobe; cubitus three- 
prane hie di ccsccoduoo RT CERES 00002070000 oa Dihybocercus Enderlein 

First segment of left cereus with one internal echinulate lobe; cubitus two-branched .. 31 
DIMBLEobsolescentbeyondStobc E MM Navéásiella Davis 
IR, MOL BS GUGNES a 32 

32. Process of left hemitergite with a distal concavity between lobes ................. es. 3 
Process of left hemitergite with lateral lobe very short, no distal concavity between it and 
jugis qRReL GRSUMSMSUNCOOROTOQU sags EET T o 29995 209 Q0 ot TE HW Parachirembia Davis 
338. Inner process of right hemitergite a flat subelliptical flap separated from hemitergite by 
nemb5ancsexcebouaSbeDOsterior LIMit =... «ccs 99 9 0 E 9 eine esis ee a ees 34 
iinmnemSprocess'oteright hemitergite not as above 1-9 erse sete oon 11 cae ee oe ees 35 

34. Hind metatarsus with two large ventral bladders; right cercus-basipodite very large 

occonecqimondo A A nae A E LLL DS Macrembia Davis 


Hind metatarsus with only one“ ventral bladder; right cercus-basipodite small re ee 
5 09090.0 0.8.5 0 6 EINES TE 6 DORE es Sit Seneca E E OSEE Chirembia Davis 


35. Hind metatarsus with two ventral bladders; African .............. Rhagadochir Enderlein 
Hind metatarsus with one ventral bladder (two in one species) ; Neotropical ........... E 
EEEE E ON NIRE a a a a aa DD sooo Pararhagadochir Davis 


Family Classification. 
The following major groupings are advanced: 
Sub-Order Protembioptera (Protembiaria of Tillyard 1937). 

Family Protembiidae Tillyard 1937: Protembia Till., Tillyardembia Zal. 
Sub-Order Euembioptera (Enembiaria of Tillyard 1937). 

Family Clothodidae Tillyard 1937: Clothoda End. 

Family Oligembiidae, n. fam.: Oligembia Davis, Diradius Fried. 

Family Teratembiidae Krauss 1911: Teratembia Krauss. 

Family Oligotomidae Krauss 1911: Oligotoma Westw., Haploembia Verhoeff. 

Family Notoligotomidae, n. fam.: Notoligotoma Davis, Metoligotoma Davis, 

Burmitembia Ckll, Embonycha Nav., Ptilocerembia Fried. i 
Family Anisembiidae, n. fam.: Anisembia Krauss, Mesembia Ross, Saussurembia 
Davis. 

Family Embiidae auct.: Remaining 20 genera. 

In several cases (Oligembiidae, Notoligotomidae) prior genera (Diradius, 
Embonycha, Burmitembia, Ptilocerembia) have been passed over in the selection of the 
family stem, merely because existing descriptions of those genera do not allow their 
structure and relationship to be fully gauged. 

The characteristics of the families are summarized below. Convergence prohibits 

the drawing up of a satisfactory family key based on structure alone, but in all except 
one genus the family sequence has been kept in the generic key. In the case of 
Saussurembia, which differs from Mesembia only in the lack of nodules on the left cereus, 
the desired sequence cannot be accomplished in the generic key. 
(1) Protembiidae: Permian Embioptera, obviously very .generalized in structure; the 
State of preservation of the fossils does not allow any very definite conclusions to be drawn. 
The venation is not much less reduced than in some recent Embioptera; the cerci were 
apparently multi-articulate. These fossils may form a link with the Protoperlaria. It 
seems probable that the female was winged. 
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(2) Clothodidae: The most generalized of recent Embioptera, Neotropical in range; the 
series Clothoda nobilis (Gerst.) — C. intermedia Davis — C. urichi (Sauss.) illustrates 
the division of the tenth tergite followed by the loss of the third cubital branch, the 
cerei remaining unchanged. The ventral structures of the male terminalia emphasize 
the primitive nature of the family, aud its far removal from other recent forms. The 
Miocene C. florissantensis (Ck1l.) has been provisionally referred to the genus Clothoda. 
The number of hind metatarsal bladders in this species is unknown; in the recent 
species, two bladders are present. This appears to be primitive, the medial bladder 
possibly representing the former point of articulation of two segments now fused. 


(3) Oligembiidae: A Neotropical series including Oligembia and Diradius. 'The venation is 
greatly reduced in strength, although reduction in the number of veins is less marked than 
in some other genera, the traces of R, and R; remaining distinct. No hind metatarsal 
bladders seem to be present, but whether this is primitive is very doubtful. The 
terminalia agree with the Oligotomidae in the incomplete fission of the tenth abdominal 
tergite and the lack of nodules on the left cereus in the adult male. The structures at 
the base of the left cereus are complex in Oligembia, as they are in Oligotoma; details 
for Diradius are lacking. Oligembia appears to be derived from Diradius by the forking 
of the process of the left hemitergite, a frequently-recurrent evolutionary step in the 
Order. The family is probably not very elose to the Oligotomidae, in spite of superficial 
resemblance. The general weakness of the veins in both families may be associated with 
small size. 


(4) Teratembiidae: This Neotropical family is based on a single specimen, so that 
generalizations on the structure are unsafe. It appears to have R.. forked and R,,; 
simple. If this is a constant feature, it indicates family distinction from the 
Oligembiidae. If, however, it represents an individual aberration (R, detached from 
R. and secondarily attached to Rə), the Teratembiidae should be enlarged to include 
the Oligembiinae as a sub-family. 

The structure of the terminalia has been discussed earlier (Part xix of this series). 
They agree with Oligenbia in the lack of nodules on the left cercus, and the complex 
structures at the base of this cercus; in other respects they seem to differ markedly, but 
the exact structure and homologies are doubtful. 

(5) Oligotomidae: The genus Oligotoma has as its indigenous range the warmer parts 
of the Asiatic region, extending throughout Australia, and possibly to East Africa. 
It is now tropicopolitan, due apparently to human transport. The recent species of 
Haploembia are distributed around the coasts of the Mediterranean and Black Seas. 

Haploembia may temporarily be assigned to the Oligotomidae, a course suggested by 
Krauss. The family characters may be summarized as follows: Winged or wingless; 
if winged, veins weakly developed, R,.;, M, and Cu, simple. Hind metatarsus with 
one or two ventral bladders. Male terminalia with tenth abdominal tergite incompletely 
separated into hemitergites; right hemitergite with an elongate posterior process and a 
ventral flap-like inner process; first segment of left cercus without'nodules, second 
segment distinct, elongate-subcylindrical. Structures at base of left cercus often 
complex. 

Some members of the next two families agree with the winged examples of Oligotoma 
in the absence of R;, which cannot therefore be taken as a family character, as it has 
been in the past. 


(6) Notoligotomidae: This name is selected for an apparently monophyletic series of 
Indo-Malayan and Australian distribution (Miocene to Recent), the common character 
of which is the partial or total fusion of the segments of the left cereus. The composite 
structure is usually echinulate (not iu Burmitembia; only very weakly in Metoligotoma 
rileyi Davis). In some cases, R, is lost (Burmitembia, Notoligotoma pars), or 
winglessness supervenes (Notoligotoma pars, Metoligotoma). The processes of the 
hemitergites of the male terminalia are variable, but show no affinity to the Oligotomidae. 
Two hind metatarsal bladders probably characterize all members. The close relationship 
between Ptilocerembia and Notoligotoma indicates the impossibility of using the lack of 
R;, unsupported by other factors, as the basis for a major dichotomy. 
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(7) Anisembtidae: This family culminates in the Sonoran genus Anisembia; forms 
linking this genus to more generalized types are probably the Antillean and Central 
American genera Mesembia and Saussurembia. These three genera are characterized by 
the loss of R; or of the entire wings, convergent to the two preceding families. Anisembia 
is further specialized by the fusion of the segments of the left cercus in the adult male. 
It is closely convergent to the two endemic Australian genera, but its ancestor 
(cf. Mesembia) would appear to have had R,,; simple and the second segment of the 
left cercus distinct, whereas the ancestor of the Australian genera (cf. Ptilocerembia) 
would seem to have had R,,; forked and the second segment of the left cercus fused to. 
the first segment. 

The processes of the hemitergites of the male terminalia are variable in the 
Anisembiidae, but the right hemitergite is always very clearly separated from the left, 
and lacks any marked trace of an inner process. One hind metatarsal bladder is probably 
the characteristic of the family as at present constituted. Nodules are present on the first 
segment of the ¢ left cereus in Mesembia and in Anisembia (sometimes weakly so), but 
absent in Saussurembia, possibly a secondary loss. 


(8) Embtidae: This is very probably a polyphyletie group, but subdivision on the present 
data seems impossible. On this understanding, it may be retained as an artificial unit for 
members of the Order in which the venation and terminalia have reached a common 
stage in evolution. If wings are present, Rs is forked; in some cases M is normally or 
exceptionally forked, in others the cubitus has more than the usual two branches. The 
hind tarsi have one or two bladders on the first segment. In the male terminalia, the 
tenth tergite is always completely separated into, hemitergites; the left hemitergite 
varies very considerably, but the right has a process on the inner margin except in 
Dictyoploca. The left cercus is two-segmented, the first segment being echinulate in 
all cases, the second elongate, subcylindrical and distinct. 

The genera comprising the family occur in South America (one species reaching 
Central America) and Africa, extending thence east to East India and north to the 
southern parts of Europe. In spite of apparent structural homogeneity, the Embiidae 
may well be an unnatural group, e.g. Embolyntha may well be a link between the 
Clothodidae and the Anisembiidae, and more closely related in its ancestry to these 
families than to Old-World Embiidae. To follow this course would possibly seem to be 
giving prominence to zoogeography at the expense or exclusion of morphology. 

The above eight families may be artificially keyed as follows; the key can be used 
only by considering locality* as well as structure: 


IBP Ermia n Moa uet e cs Ren dc GIRONE ER I OH one T EDO OU E NEC Protembiidae 
Te Taal ATs Viole © C MU.  INOTUOGUOINEXOUOTOOOTETUUEZIILL OLLI DOO MEE S 5o OO moms 2 

2. Tenth abdominal tergite entire in the male or, if divided, processes of hemitergites small, 
not prominent; ventral parts of terminalia almost symmetrical .......... Clothodidae 

Male terminalia with processes of hemitergites prominent, often complex; ventral parts 
imam sedia mimetrieadlb . queer e a E EE EERED TU A Gb oc 3 

3. Indo-Malayan and Australian; left cercus one-segmented in the male .... Notoligotomidae 
NOMAS RADONO QTIOD OO TT Ec mee, o. TL deuote MEM... 4 

- 4, Central and North American and Antillean, R,,, simple, or wingless ........ Anisembiidae 
INIOEA SEADSCGMCERT TT 0L ob 15 on LO ene ene ol cee r SCIENCE 5 

5. Male terminalia with hemitergites clearly separated .................... ceres Embiidae 
Male terminalia with suture between hemitergites obsolescent basally, or if complete, 
emitensites.)DACOniactNo i o e sia c noU UU LED 6 

6. R,, apparently forked (d) ....essrueseeseressnreeenreereesnossrereeresee Teratembiidae 
Ra simple or wingless (d) ............ ess cesa ococononaconadgg0atacada doa. eae i 

7. Ry,,, or its trace forked (d) ....-.-....-- PONE toca oU TOS ODE DOR OR Oligembiidae 
ae Siue a WEEE LE) cse eer rrr eee ewe ee ence ene nre ees Oligotomidae 


Note.—Navás (1918) divided the Order into two Sub-Orders, Oryttica and Netica, 
one for the genus Cylindracheta, the other for the remaining genera. This seems quite 
unnecessary, as Cylindracheta is a Gryllotalpid. 

Comparative Morphology and Evolutionary Trends. 


In Figures 1-4, an attempt has been made to illustrate schematically the comparative 
morphology of those characters used in the Order as taxonomic criteria. The fact that 


* The locality in which the group is indigenous, not the range enlarged by artificial spreading. 
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CLOTHDDA NOBILIS 


(IRAZIL). 
oe Ra Mss Di, Sou, MTZ, 16,10) 16) RO. RC». " ' 
l0L,1R one 
cu Se EOS 
CLOTHODA INTERNEDIA mm) ES Mees 2uece ] 


ju 
x. (VENEZUELA ). : E ATO? WIR... 
e — 
P T5500) 
CLOTHODA URICHI ERN nel OL 
WTI 1010 
(mix). (CENTRAL AMERICA-AROENTINA ). j 
Tce 
t v. Irc DIRADIUS 
w= 
SAUSSUREMBIA 1 MESEMBIA Bur (ERAZIL). 
(CENTRAL AMERICA, ? CUBA). mms (CUBA, HAITI). 101(4) 
T 1cB(A) 
101P (B) 
-— TERATEMBIA 
I2 (A) 
(ARGENTINA). oum 
IA 
ANISEMBIA MEYMONSI 
(SOUTHERN MEXICO) (PARAGUAY CENTRAL AMERICA „MEXICO, 
FLORIDA ). 
m 1OLP(B.., ) 
b d 
ANISEMBIA WHEELERI ANISEMBIA TEXANA 
ed (s CENTRAL MEXICO) 
OUTH b 
(NOR TH-WESTERN MEXICO). (TEXAS ) 
Fig. 1. 
Ancestral Embiid i ges 
( ? Afrioan ) ? from Olothoda 
10L,10R, 10, (479,16. RO, ,RO,, LOB, HMT? (Neotropjoal) ae 
C F 
R 485,24, 30u. 10L, 10R, LC} (AY® , L03 ,RO, RSQ» Re 
ORP, (B) ,LCB,R, Ro ,14,2Cu, HT 1-2 o MN 
Embolyntha ———— Calamooloatea 
m (Central America- {Ecuador} 
2 Argentina ) | 
2 HNT2 S i eism » 
10RP,(B) 2» Ry oe e Boe IMa e 2QUe ee | 
w 2 2) 
HMT2 


€, 
"e Pararhagadoohir | 
2», argentina 


Farachirenbia 10LP(B...] 


(igerie) GA Tu 


loLP(B... E Argantina ) 


RMT1 
Ototyoplooa 


(East and South Afrioa) 


Tonaconathia 
Pararhagadoohir trinitetia — 


(Britrea) 
gou 1 (Trinidad) 
10RP, (A) 
a Parambia | 
Embia savignyi HHT 229 1 | 
HUC CREE p————M—A AQ ks , to 
ec j Pe U^ omnee UT a NE SA aioi 
mT 14 10RP, of. A) ( Sudan- 
Zambeaia) 
ol 1O0LP(B...) 
10LP(B) w rmm S du 
Cnirsrbia -" ET LC418) ok a SE 
Barlandenbia 
byosinia) Dinembia  30LP(B...) 
UN) Eunbia rerburi Embie algerioa i (West Africa) 
(Congo) por 2Cu 
(Nediterranaan) (Yorooce) "A 10LP(B) 
Enve 
mus LCR # a 
a OLP(E) (caten) 1ORP, of.(B) Rhagadachtr f 
Bnvaaiella (Faat Afrioa) 
Paaudanbis 
(Equatorinl Afrisa) i 
Motembia (South and East India) = | 
fSouth India) 
RABI Dihybooarcus Maorembia 
Odontembia (East Afrioa, (Congo-Rhodaeie) 
Congo, 
(Congo) Rhodasia ) 
Biga 


Figs. 1-4.—Comparative anatomy and possible evolutionary trends in the Order Embioptera. 
an New-W orld groups exclusive of the more advanced Embiidae. (2) Embiidae. (3) 
Oligotomidae. (4) Notoligotomidae. For codification of characters see text. 
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ANCESTRAL OLIGOTOMID 


Rage veo]Hee s, 2024, , NT 2,101,108 4, 10893 IRP, (X), 1915125 RO1,RC2. 


ic, (J 


HAPIOEMDIA SOLIERT 


(CTRCUM-MEDITERRANEAN ). 
10, (B) OLIGOTOMA Asyog mik 
OLIGOTOMA WESTNGODI 
(IDIA). 
orea) (PIEISTOCENE,? ZANZIBAR ). 
10LP(c) 


OLIGOTOMA BORNEENSIS 


(MA LAYAePEILIPPINES). 
OLIGOTOMA THORACICA 


HAPLOEMBIA TAURICA 
(BURMA ). 
(CRIMEA). 

OLIGOTOMA NIGRA 


OLIGOTOMA SAUNDERSII OLIGOTOMA GREENIANA 


(INDIA-ZGYPT), Gen) (CEYLON@PHILIPPINES ). OLIGOTOMA JAPONICA 
(JAPAN-PORMOSA ). 
OLIGOTOMA HUMBERTIANA r1P(A) 
(asta). 
OLIGOTOMA GIAUERTI 
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these characters are selected by systematists is sufficient indication that little profit can 
accrue from a comparative study of most other characters; the internal anatomy is 
almost constant throughout the widely-separated members of the Order which have been 
studied. Possible supplementary characters for comparative purposes are to be found in 
the thoracic and anterior abdominal sternites, and in the female terminalia; these 
characters show little indication of differences useful for comparative purposes, at least 
at this stage of our knowledge; they may be found useful when further studies on the 
Order are carried out. 

The scheme previously advanced (Davis, 1938, fig. 120) is obviously unsound in 
many places, particularly in the treatment of the ‘Oligotomidae’ and in the consideration 
of Haploembia and ‘Monotylota. This scheme was prepared with very little first-hand 
knowledge of exotic genera. It was advanced to illustrate a theory of convergence, 
rather than as an attempt to solve the evolutionary problems in different lines of descent 
in the Order. 

In the present schemes, and in the discussion below, the males alone are referred 
to. The schemes (Figs. 1-4) are primarily to show the comparative morphology of 
existing types; they may also indicate evolutionary relationships. In several cases, 
recent species are placed in the ancestral line of other recent species; this course has 
been explained previously (1938, fig. 120). 

Two assumptions open to a considerable amount of doubt must be made if the 
schemes are taken as evolutionary, and not merely as comparative. The New- and Old- 
World Embiidae are shown as parallel developments, rather than as a unit; and the 
Old-World Embiidae are divided by the primary dichotomy on one or two hind 
metatarsal bladders. The second of these two steps is even less defensible than the 
first. It cannot be said whether one or two bladders represent the primitive condition; 
perhaps it is significant that all Tertiary fossils in which the character is preserved have 
two such bladders. In any case, a reversion to the primitive type (whatever it is), in 
such a simple character, may well have occurred in several instances. This would be in 
opposition to the so-called Dollo’s Law, which is in any case not accepted. The artificiality 
of the dichotomy is illustrated in Figure 2 thus (Embia < Parembia). 


Notes on Figures 1-4. 

l.—This scheme shows the comparatively straightforward development within the 
Clothodidae; several possible courses for the development of the Anisembiidae; and an 
attempt to relate the difficult groups Teratembiidae and Oligembiidae to a more primitive 
form. The last-named is too hypothetical to discuss further. The course most favoured 
for the development of Anisembia is Clothoda-Embolyntha-Mesembia-Anisembia, with 
Saussurembia derived from Mesembia by a secondary degeneration of the nodules of the 
left cereus (by neoteny, since the larval cerci are smooth throughout). 


2.—This tentative scheme would make the Embiidae polyphyletic. Convergence is 
frequently invoked, especially in the forking of the process of the left hemitergite, the 
loss of wings, and to a less extent the modification in several ways of the first segment 
of the left cercus. 


3.—Assuming the Oligotomidae as at present constituted to be monophyletic, the 
comparison of its various component lines offers little difficulty, but the origin of the 
family as a whole from any other known type is shrouded in obscurity. Loss of wings, 
and development of a terminal hook on the process of the left hemitergite, are the most 
frequently-recurring parallel steps. 
j.—The evolution of the Notoligotomidae offers less difficulty than that of other families. 
The ancestor might well resemble the Indian genus Parembia; on Figure 4, it has been 
assumed that the left cereus was not echinulate, but this difference from Parembia 
can be resolved by considering the loss of nodules on the left cercus as a secondary 
feature of Burmitembia and Metoligotomu rileyi, as suggested under Saussurembia. 
The fusion of the segments of the left cercus is convergent to the genus Anisembia; 
an exactly parallel step (in both cerci) has occurred within the Nemouridae, in the 
closely-related Order Perlaria. The motive force in each case may well have been 
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surface tension acting on the cereus during the last ecdysis. This is not an implication 
of somatic induction; the growth mechanics of the left cereus, as of other parts of the 
complex terminalia, during the last ecdysis, must be complicated, and may include such 
factors as pressure of body fluid, muscular contraction, differential hardening, differential 
adherence to the exuvium, ete.; as soon as these forces were relaxed, by a genetic change, 
however caused, surface tension would tend to promote reduction in the area of the cereus 
or other structure. 

Teratological failure of the segments of the left cercus to fuse has been noted in 
Metoligotoma extorris (Davis 1938); this probably resulted from failure to separate 
cleanly from the exuvium. A regular failure to fuse would represent an example of 
neoteny, and a definite contradiction to Dollo's ‘Law’. 

I am indebted to Mr. E. S. Ross, of the University of California, for the suggestion 
that the larval setae retain their position when the segments of the left cercus fuse. 
No exact study of the chaetotaxy has been made, but the setae of the left cercus of 
the adult male in Notoligotoma, Metoligotoma and Anisembia certainly seem to be very 
dense at the place where the larval second segment has been wholly or partly resorbed. 


Codification of Characters, Figs. 1-4. 
Unless annotated, males winged; + W, winged and wingless forms of male known; —W 
males wingless. 
R, R, veins distinct; R—, vein simple; R, — R—, apparent secondary attachment of RI 


, 


445 2+3 
R= 
4-5 
to anterior branch of sector; , R,,, simple in forewing, forked in hindwing; 2 M, media 
Ry R, 


regularly forked, simple by anomaly. 1-2M, media usually simple, forked in one or more wings 
by venational aberrations of moderate frequency; 1M, media regularly simple. 

3Cu, eubitus with more than two branches; 2Cu, cubitus with two branches. 

..... after any vein represents weakening or partial obsolescence; 2Cu.... indicates that 
only the anterior branch (Cu,,) is weakened, as the stem (Cu,») is always strong. 

MD!, mandibles greatly over-developed. HMT0, HMT1, HMT2, hind metatarsal bladders 
0,1 or 2. HMT (1-2), medial bladder very small. 


10R, divided, with processes of hemitergites well-developed; 10L, 10R...., divided, with processes 
prominent, but with suture between hemitergites obsolescent proximally. 

10LP (A), process of left hemitergite with a terminal hook or claw; 10LP(B), with a non- 
terminal lateral or dorsal lobe; 10LP(B...), lateral or dorsal lobe weak; 10LP(C), process of 
left hemitergite slightly expanded and obliquely truncate terminally; 10LP(X), left hemitergite 
with a blunt dorsal inner protuberance, but with main process simple. 

10RP,, 10RP,(X), right hemitergite with an elongate posterior process and an inner ventral 
flap-like process. 10RP,(A), right hemitergite with an inner subelliptical flap; 10RP,(B), with 
a forwardly-directed rod or hook on inner margin; (cf. (A) or cf. (B), approximating to typical 
form as above); 10RP,(C), with a membranous, horizontal, inwardly-directed process. 

LC,, LC,, RC,, RC,, first and second segments of left and right cerci elongate-cylindrical, 
without nodules; LC,[A], first segment of left cercus weakly clavate; LC,(A), more strongly 
clavate; LC,(B), with two inner lobes (LC,[B], inner lobes weak); LC,(C), with a narrow 
forwardly-directed hook; *, echinulate; **, echinulate, teeth very strong, sharp; —*, secondary 


loss of nodules; LG, two segments of left cercus fused (LC(A), remains of second segment 


a terminal incurved extension of first: LC(B), a distal external protuberance of first). RC, (A), 
first segment of right cercus squat. 


LCB, ‘left cercus-basipodite’ composite (apparently including left half of larval tenth 
sternite); LCB(A), structures at base of left cercus complex, with the true cercus-basipodite 
and the supposed left half of the larval tenth sternite distinct, both produced to processes. 

RCE !, right cercus-basipodite enlarged; (RCB), right cercus-basipodite suppressed, probably 
by fusion to cercus. ‘ 

Distribution: The recent members of the Order seem to be confined to warm 
countries, extreme ranges being represented by the Crimea and South-east Tasmania. 
Some species are recorded from dry regions, especially in the Sonoran and Australian 
regions and in parts of Africa. Although little is at present known of the ecology of 
the Order, it appears that its members are ‘drought-evading’ rather than ‘drought- 
enduring’, to borrow the plant ecological terms in a somewhat-altered sense. For 

vv 
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instance, the Sonoran species retreat deep into cracks in the soil during the dry 
season. 

With regard to migration of ancestral lines in the past, it seems fairly evident 
that the turther the migration in space, the greater is the struetural modification; 
members which have failed to migrate, or have become geographically fixed at some 
point of the migration route, seem to have evolved less rapidly than those which have 
migrated further. As a general assumption, it is supposed that the more recent 
migration routes have been directed away from the tropics, especially in the colonization 
of the Australian and Sonoran regions. 'The Miocene species C/othoda florissantensis 
occurred in Colorado, but it is assumed that its descendants, if any, were driven south by 
the Pleistocene cold, and that the present Sonoran species have more recently migrated 
north, either by Central America or by the Antilles. 
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CORRIGENDA, 

PART Xv. 

Page 183, line 13 from bottom, for specimen, read species 

Page 190, second line of dichotomy 3, for smaller, less than ten, read smaller, more 

than ten 


PART XVI. 
Page 327, line 24, for synonyms, read synonymous. 
PART XVIII, 
Page 384, line 6 from bottom, for subspecies, read species 


